Patients with severe varus deformity of the knee (≥15° varus) usually are not considered good candidates for minimally invasive total knee arthroplasty (TKA). The goal of this study was to retrospectively investigate outcomes in patients with severe varus deformity after minimally invasive TKA. A study group of 52 patients with a tibiofemoral mechanical axis of 195° or greater was compared with a matched control group of 55 patients with a tibiofemoral mechanical axis of less than 195°. Clinical and radiographic evaluations according to the American Knee Society rating system were obtained preoperatively and postoperatively, and postoperative patient satisfaction in the 2 groups was compared. All patients were followed at a mean of 3 years (range, 2-5 years). Preoperatively, clinical knee and function scores and range of motion were inferior in the study group compared with the control group (P<.001). However, at the latest follow-up, both groups of patients were satisfied with the clinical results, and no significant differences were found in the knee and function scores (P>.05). Radiographic evaluation showed no differences in the mechanical axis, femoral component valgus angle, and tibial component valgus angle, and all outliers of the radiographic parameters between the 2 groups postoperatively (P >.05). The study results showed that mini-midvastus TKA did not result in more inaccurate implant positioning in patients with severe varus deformity of the knee. The clinical outcome in the group with severe varus was comparable to that in the group with less severe varus [Orthopedics. 2015; 38(2):e112-e117.] The authors are
S
evere varus deformity of the knee is a challenge for the orthopedic surgeon during total knee arthroplasty (TKA). Successful TKA requires returning the knee alignment to 5° to 7° of valgus, with good soft tissue balancing in flexion and extension. This is sometimes difficult in knees with severe varus deformity.
1,2 Teeny et al 2 reported significantly higher varus mechanical axis of the knee and longer operative times in patients with preoperative severe varus deformity than in patients without deformity undergoing TKA. However, other authors reported no difference in knee scores and postoperative alignment between severely deformed and slightly deformed knees undergoing TKA. 3, 4 Using the technique of posteromedial release and osteotomy of the tibial flare, severe varus deformity can be corrected and result in pain-free motion and stability in a high-volume joint center. 5 Minimally invasive TKA has been associated with a shorter hospital stay, less postoperative pain, and more rapid return of function than standard TKA. [6] [7] [8] However, because of increased malalignment of the tibial component in some reports, 9, 10 this procedure is not suggested for use in knees with severe varus deformity (>15° varus), more than 10° flexion contracture, or range of motion (ROM) of less than 110°. 8, 11 Furthermore, because of a preoperatively larger bowing deformity of the femur in knees with severe varus, worsened postoperative mechanical axis was noted after minimally invasive TKA in these knees compared with knees with less varus deformity. 12 The goal of this study was to retrospectively investigate whether severe varus deformity would increase malalignment of the components and therefore affect clinical outcome in patients undergoing midvastus minimally invasive TKA and followed up for 2 to 5 years.
Materials and Methods
Records of a consecutive series of 467 patients who underwent unilateral primary TKA between January 2006 and December 2007 were reviewed. Patients who underwent minimally invasive TKA because of varus osteoarthritis during that period were selected for this study. Exclusion criteria were inflammatory arthritis, posttraumatic arthritis, postosteotomy knee arthritis not amenable to minimally invasive TKA, valgus knee deformity, and previous knee surgery. The study group included 52 patients (52 knees) with a preoperative tibiofemoral mechanical axis of 195° or greater (≥15° varus). A selected matched group of 55 patients (55 knees) with less severe varus deformity and a tibiofemoral mechanical axis of less than 195° (<15° varus) was included as the control group. The control group and the patient group were matched in terms of sex, age, body mass index, and disease, which was osteoarthritis in all patients. The authors' institutional review board approved this study.
All operations were performed or supervised by the senior author (J.-W.W.), who had performed more than 100 minimally invasive TKA procedures before the study. Minimally invasive TKA was performed using the mini-midvastus approach of Haas et al, 13, 14 who wrote that "the skin incision was made along the medial aspect of the patella to the medial border of the mid to distal tibial tubercle. The vastus medialis oblique muscle was split approximately 2 cm in line with its fibers from the super medial pole of the patella." All patients received general anesthesia. All TKA procedures were unilateral and were cemented with the same prosthesis (NexGen, Legacy Posterior-Stabilized Prosthesis; Zimmer, Warsaw, Indiana). A tourniquet was inflated to a pressure of 300 mmHg before the incision and deflated after wound closure. The tourniquet time was recorded. Specific instruments were used to accommodate the small incisional wound. The patella was subluxed laterally but was not everted. The distal femur was resected from the medial to the lateral side with an intramedullary guide.
The goal was to place the femoral component in 6° valgus. In the case of severe femoral bowing (>5°), a 7° valgus cut was selected. An extramedullary guide system was used to resect the proximal tibia from the medial to the lateral side. The goal was to place the tibial component at 90° to its anatomic axis in the coronal plane and at a 3° downslope in the lateral plane. 7 Soft tissue balancing after bone resection in patients with severe deformity was achieved with the technique described by Clayton et al. 15 The technique includes step-by-step subperiosteal release of the medial collateral ligament and pes anserinus tendons from their tibial insertions until medial and lateral soft tissue balance is achieved. Posterior capsular release and posteromedial release are necessary for additional severe flexion contracture of the knee. The entire procedure was performed through the mini-incision without lengthening the wound. Two drains connected to a vacuum bag were placed postoperatively for hematoma drainage. The drains were removed on the second postoperative day. The total amount of blood loss, which included blood drainage accumulated in the drain 36 to 48 hours postoperatively, was measured.
All patients received enoxaparin 20 mg subcutaneously every 12 hours until discharge; after that, they received indomethacin orally or by suppository for at least 4 weeks. 16 No other modalities of thromboembolic prophylaxis, such as foot pumps or antiembolic stockings, were used. The postoperative rehabilitation program included routine mobilization and continuous passive motion exercise on the first postoperative day. The criteria for discharge were ROM of the knee of greater than 90°, a clean wound without discharge, and the ability to walk with walker support.
All patients were evaluated clinically preoperatively and postoperatively at 3 months, 1 year, and annually thereafter using the Knee Society knee scoring systems. 17 The Western Ontario and Mce113 ORTHOPEDICS | Healio.com/Orthopedics n Feature Article
Master Universities Osteoarthritis Index (WOMAC) scoring system 18 was used only at the latest follow-up for evaluation of patient satisfaction. Radiographic evaluation was performed with standard anteroposterior and lateral weight-bearing views of the knee and skyline patellar and long-leg weight-bearing radiographs of the leg, including the hip, knee, and ankle, both preoperatively and postoperatively at follow-up. The coronal tibiofemoral mechanical axis was defined by the angle between the femoral and tibial mechanical axes as measured on the weight-bearing anteroposterior long-leg radiographs. 12 Femoral bowing angle was defined as the angulation between the proximal and distal quarters of the femoral diaphysis in the coronal plane. 19 A femoral bowing angle of greater than than 5° was considered substantial. 20 The postoperative component alignment angles in the coronal plane, including the femoral valgus angle and tibial valgus angle, were measured with standing anteroposterior radiographs of the knee as well as the radiolucent lines at the bone-cement interface, as recommended by the Knee Society. 21 All measurements were performed by an independent blinded observer (C.-C.H.). The ideal postoperative coronal tibiofemoral mechanical axis was defined as a neutral mechanical axis (180°), the ideal femoral valgus angle was defined as 96°, and the ideal tibial valgus angle was defined as 90° in the coronal plane. Deviation of greater than 3° from the ideal was considered an outlier.
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Statistical Analysis
Collection and data analysis were performed with SPSS version 15 software (SPSS, Inc, Chicago, Illinois). The authors identified differences in demographic features and preoperative clinical and radiographic data, including age, body mass index, wound length, tourniquet time, operative blood loss, preoperative ROM, tibiofemoral mechanical axis, knee score, function score, WOMAC score, and postoperative clinical and radiographic data between the study group and the control group using the MannWhitney U test. Categorical data were compared with the chi-square test. A power of 83% was achieved with group sample sizes of 52 and 55 to detect a difference of -0.7 between the 2 groups. The test statistic used was the 2-sided MannWhitney U test, with a significance level of P<.05.
results
Mean follow-up was 3 years (range, 2-5 years). The demographic features of the patients, including sex, age, and body mass index, were similar between groups ( Table 1) , and there were no statistically significant differences between the study group and the control group in wound length in knee extension, tourniquet time, or blood loss ( Table 2) .
Because of the more severe varus deformity in the study group than in the control group, the patients in the study group tended to have worse preoperative knee ROM (98°±9.3° vs 118°±9.2°, P<.001), Knee Society knee score (39±4.8 vs 51±7.8, P<.001), and function score (42±5.9 vs 52±6.7, P<.001) ( Table 3) . At the latest follow-up, knee ROM was consistently less in the study group (124°±6°) than in the control group (128°±8°) (P=.024). Nevertheless, postoperative knee scores, function scores, and WOMAC scores were similar between the 2 groups ( Table 4) .
Several complications occurred in both groups of patients, including 1 superficial wound infection in each group, 1 deep venous thrombosis in the study group, 2 deep venous thromboses in the control group, and 1 pulmonary embolism in the control group, but no pulmonary embolisms occurred in the study group. No patients in either group had deep infection, periprosthetic fracture, instability, or patellar dislocation. Other than the more severe tibiofemoral mechanical axis in the varus angle of the study group preoperatively (≥195°), the severity of femoral bowing preoperatively was also greater in the study group than in the control group (patients with >5° bowing, 56% vs 13%, P<.001) ( Table  3) . At the latest follow-up, no difference was noted in the postoperative tibiofemoral mechanical axis between the 2 groups (180.6° vs 181.2°, P=.097). The percentage of outliers with a postoperative tibiofemoral mechanical axis greater than 3° was 8% in the study group and 4% in the control group (P=.364). Femoral valgus angle was 94.7° (range, 92°-97°) in the study group, which did not differ from the finding of 95.5° (range, 92.5°-98.2°) in the control group (P=.21). The percentage of postoperative femoral valgus angle outliers (>3°) did not differ between the 2 groups (11% vs 8%, P=.451), nor did postoperative tibial component coronal alignment tibial valgus angle (90.7° vs 91.4°, P=.41). The percentage of postoperative tibial valgus angle outliers (>3°) was 4% in the study group and 2% in the control group, showing no significant difference (P=.527) ( Table 4) . No radiolucent lines, loosening of the components at the cement-bone interface, or wear of polyethylene or osteolysis around the prosthesis occurred in any patient in either group.
discussion
A limited number of studies have investigated clinical outcome and radiographic accuracy of the implant position in minimally invasive TKA procedures in patients with severe varus deformity because patients with severe varus deformity (≥15° varus) of the knee have not been considered good candidates for minimally invasive TKA. 11 However, with the increasing experience of some surgeons in knee arthroplasty in high-volume centers, minimally invasive TKA is now being gradually accepted in patients with severe varus deformity. 12 In the current study, preoperative characteristics, including age, sex, primary diagnosis, and body mass index, were similar between the study group (≥15° varus) and the control group (<15° varus) ( Table 1) . Intraoperative data, including wound length and tourniquet time, were also similar, except that the study group had higher drainage blood loss than the control group, possibly because of more extensive soft tissue release in the study group ( Table 2) . Nevertheless, at the latest follow-up after minimally invasive TKA, clinical outcomes (Knee Society knee score, function score, and WOMAC score) and radiographic findings were similar in the study group (≥15° varus) and the control group, even though the patients in the study group had more severe deformities and worse clinical scores preoperatively. However, these findings were not consistent with the study by Niki et al, 12 who reported inferior radiographic accuracy of coronal alignment of the mechanical axis postoperatively because of the greater bowing angle of the femoral diaphysis after minimally invasive TKA in the group with severe varus compared with the group with less varus. In that report, minimally invasive TKA was performed with the compact cutting guide developed for quadriceps-sparing approaches in which the instrument landmark is used only for resection of the medial side of the distal femur. Cutting of the lateral side of the distal femur was performed free-hand, and this technique is more likely to be inaccurate and to cause outliers of the femoral valgus angle of the component. The mini-midvastus approach of minimally invasive TKA offers better visualization of the lateral femoral condyle, and the specific instrument is used to cut the medial and lateral femoral condyle at the same time, allowing more accurate distal femoral cutting. 7 Furthermore, the authors tend to cut the distal femur at 7° valgus in patients with a femoral bowing angle greater than 5° and at 6° valgus in patients with normal femoral angulation. Therefore, the current study results showed no difference in the postoperative tibiofemoral mechanical axis and femoral valgus angle between knees with severe varus deformity and those with less varus deformity, even though 56% of the patients with severe varus deformity had a femoral bowing angle greater than 5°, which was similar to the 53% of patients with femoral bowing of greater than 4° in the report by Niki et al. 12 Dalury and Dennis 9 reported that minimally invasive TKA was more likely to result in varus tibial alignment (<87° in 4 of 30 patients) than was the standard incision (no malalignment). Early failure caused by malpositioning of the components and instability is considered a risk factor for minimally invasive TKA if the procedure is performed by low-volume surgeons. 10 In view of the learning curve and the surgical volume of an arthroplasty surgeon, minimally invasive TKA showed significantly better clinical outcomes in length of hospital stay, need for inpatient rehabilitation after discharge, narcotic use, and need for assistive devices postoperatively in the hands of a high-volume arthroplasty surgeon after a substantial learning curve of 50 procedures. 22 The annual number of TKA procedures performed at the authors' institution is approximately 900, and the senior author (J.-W.W.) had experience with more than 100 minimally invasive TKA procedures before this study. The authors' finding of low numbers of outliers in the postoperative tibiofemoral mechanical axis, femoral valgus angle, and tibial valgus angle (>3° deviation from the ideal) after minimally invasive TKA in knees with severe varus was comparable with the results of King et al 23 after a substantial learning curve. In a study of 600 mini-subvastus TKA procedures, Schroer et al 24 reported no increase in complications during an initial learning curve of 100 procedures.
Limitations
This study had several limitations. First, the authors' radiographic evaluation was based on 2-dimensional analysis of standing radiographs, which may show projection-related errors in varus-valgus alignment. 25 Three-dimensional computed tomographic evaluation is more accurate in coronal and rotational alignment of the components. 26 Second, no patients in this study underwent minimally invasive TKA with computer-assisted navigation.
Because of the high surgical volume in the operating room, computer-assisted navigation is not the authors' first choice in minimally invasive TKA. Third, this was not a prospective randomized study. However, the authors retrospectively analyzed 2 groups of patients undergoing the same type of surgery in the same period performed by the same surgeons using the same technique, the same implant, and the same protocol. However, the patients differed in severity of knee deformity. Finally, the postoperative outliers of the mechanical axis were 4% in the control group and 8% in the study group, which favored the control group. Even though this difference was not significant, a greater sample size with a longer-term follow-up may show some differences.
conclusion
This study investigated the effect of minimally invasive TKA without computer-assisted navigation in patients with severe varus deformity and clinical follow-up of more than 3 years. The findings showed no adverse clinical outcomes as a result of poor implant position after minimally invasive TKA in patients with severe varus deformity. Further followup is necessary to validate the long-term clinical effectiveness of mini-midvastus TKA in patients with severe varus deformity.
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